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REACTIONS OF 0-(ALKYLCHLOROFORMOIMIN0)- 

S-NUCLEOPHILES 
TRICHLOROMETHYLPHOSPHORANES WITH 

YU. E. LYASHENKO and V .  B. SOKOLOV 
Institute of the Physiological Active Substances of the USSR Academy of 

Sciences, Chernogolovka, Moscow region 142432, USSR 

(Received September 13, 1991; in final form January 6,  1992) 

Interactions of 0-( alkylchloroformoimino)trichloromethylphosphoranes with hydrogen sulfide and mer- 
captans are reported; interaction with 2-mercaptoethanol is discussed and activation of the chlorine at 
a sp2 hybridized carbon by means of the phosphorane fragment is demonstrated in the substitution 
reactions with S-nucleophiles; the method of P=S bond formation in chlorophosphoranes by means of 
the reaction with thioacetic acid is suggested; some derivatives of 0-alkylchloroformooximes are de- 
scribed. 

Key words: O-(alkylchloroformoimino)trichloromethylphosphoranes; 0-(alkylchloroformoimino)chlo- 
romethylthionophosphonates; O-(alkylchloroformoimino)-O-alkylmethylthionophosphonates; bis(0- 
methy1chloroformoimino)methylphosphonate; O-[methyl-S-(~-chloroethyl)formoimino]chloromethyl- 
phosphonate; O-(methyl-S-acetylformoimino)chloromethylthionophosphonate. 

INTRODUCTION 

Recently we described the preparation and some properties of the oxochloro- 
phosphoranes 1 with a 

Alk -0-N=C< c1 

ligandl: 

In this report the reactions of 0-(alky1chloroformoimino)trichloro- 
methylphosphoranes 1 with various S-nucleophiles (hydrogen sulfide, mercaptans, 
2-mercaptoethanol, mercaptoacetic acid, thioacetic acid) are discussed. 

RESULTS AND DISCUSSION 

The chlorides of 0-(alkylch1oroformoimino)methylthionophosphonic acids 2 (Tables 
I and 11) were obtained by the reaction of 1 with hydrogen sulfide [Equation (2)]: 
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154 YU. E. LYASHENKO and V. B. SOKOLOV 

R' S 
1 hS, cQ<~=c<cl (2) 

2 

TABLE I 
Physical properties of 

O-(alkylchloroformoimino)chloromethylthionophosphonates 2 

No. 

- 
2a 

2b 
2C 

Zd 
2e 

zr 

Compounda 

C H 3 P ( S )  ( C l ) O N = C C l C H 3  

CH3P(S)  ( C 1  )ON=CC1C2H5 

CH3P (S 1 ( C 1  )ON=CGlC& 

CH3P (S ) ( C 1  )ON=CClC3+1 

C H 3 P ( S ) ( C l ) O N = C C l C q %  

C H 3 P ( S )  ( C l ) O N = C C l C H Z C l  

Yieldb B.p. 

(%) (OC/mm Hg) 

35 : 56' 60-623 

30 95/'3 

27 ;6Ac 96-1 00/3 

21 :54' 86/3 

24 98:3 

33 101 /3 

-- 
1 .%80 
1.5278 
1.5222 

1.51 40 
1.5170 

1.5454 

%atiefactory microanalyses obtained: Ct0.5 XtO.5 N t @ . 5  
bYleld of i so la ted  product (when hydrogen su l f ide  was used) 
'Yield of isolated product (when thioaoetio aoid wae used) 

TABLE I1 
NMR spectroscopic data of 

O-(alkylchloroformoimino)chloromethylthionophosphona~~s 2 

No. 31P-NMR 1H-NYR 

(CDC13/l'MS. B .  P P )  - (mm) 

2.3' 100.6 2.458 31:2.466 3 H  15Hz 
2bi 100.8 1.32t 3 H  8Hz:2.4Od 3 H  15Hz;2.731 2H 8IIz 
2c1 100.5 0.99t 3H 7I1z:1.7% 2A;2.44d 3 H  14Hz;2.66t 2H 7Hz 
2d1 100.7 1.286 6H 7&:2.43d 3H 14Az:3.Ch H 7Hz 
2e1 100.5 0.95t 3 H  7&:1.4Ch 2H;1.71m 2H: 2.456 3 H  153~; 2.66t 

2H ?Hz 

21' 101.3 2.476 3 H  15Hz:4.458 2H 

lIR-spectnun, Y, cm-': 1600 (C=N) 

It is known that mercaptans also can be used for the formation of a thiophosphoryl 
group P - S  in chlorophosphoranes.2-5 However in the case of 0-(alkylchlorofor- 
moimino)trichloromethylphosphoranes the reaction with mercaptans mainly pro- 
ceeds with the formation of an energetically advantageous phosphoryl group P=O 
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0-( ALKYLCHLOROFORMOIMIN0)PHOSPHONATES 155 

through decomposition of an alkylchloroformoiminoic fragment. Dit.hioalkylphos- 
phonates were the main products isolated from a reaction mixture when 2-3 moles 
of mercaptan to one mole of phosphorane were added. Attempts to obtain esters 

R' 
SR c1 

s 
$ ,ON=C< 

similar to 

R' 
c1 

0 
$<ON=C< 

OR 

(Reference 1) were unsuccessful: 

Formation in large quantity of methylphosphonic acid dichloride and a corre- 
sponding disulphide probably is due to the reduction of a phosphonium isomer5 
and the subsequent decomposition of 3': 

R"=C$p C& cH3pOC12 + CH$=N + R"SSR" + 2HC1 

Additional stabilization of the ionic form of phosphorane 1 is achieved, when a 
chlorine at phosphorus is substituted by the less electronegative thioalkyl group. 
This shifts the equilibrium in Equation (5) to the phosphonium isomer and makes 
possible the intermolecular exchange of ligands resulting in the formation of bis(0- 
methylch1oroformoimino)methylphosphonate 4. Also 4 was obtained when 
O-(methylchloroformoimino)trichloromethylphosphorane was treated with moist 
C3H7SH. The structure of 4 was proved with an independent synthesis [Equation 
(6)] in addition to physicochemical methods. Owing to .the fact that the reaction 
with thiols proceeds in several directions the yield of O-(methylch1oroformoimino)- 
S-ethylmethylthiophosphonate 5 is extremely low (2-3%). 5 was identified by 31P- 
NMR in comparison with an authentic sample): 
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156 YU. E. LYASHENKO and V. B.  SOKOLOV 

c1 

(5 1 
c1 1 / \  

c1 S C A  

mc2% * 1 

ReR'z (3%~ c1 sc;r)s I 
5 "2 '3  4 

In the reaction with 2-mercaptoethanol [Equation (7)] 0-[methyl-S-(p-chloro- 
ethyl)formoimino]chloromethylphosphonate 6 was obtained instead of the expected 
S-(~-chloroethyl)-O-(methylchloroformoimino)methylthiophosphonate 7. The 
structure of 6 is confirmed by the typical 31P-NMR value (about 44 ppm for 

R' 
el' 

0 

about 62 ppm for 

References 6 and 7) and with the synthesis [Equation (8)] of N,N-diethylamido- 
O-[methyl-S-(~-chloroethyl)formoimino]methylphosphonate 8. The reaction 
[Equation (7)] is sensitive to steric factors. When R' = C3H7, i-C,H, the reaction 
[Equation (7)] ends with the formation of an unseparable mixture of products. 

I 
c1 

c1 
c1 c1 1 c1 c1 
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O-(ALKY LCHLOROFORMOIMIN0)PHOSPHONATES 157 

The formation of the chloride 6 is to be expected when taking Pearson’s concept 
of HSAB into account. The principle of affinity of hard acids to hard bases is 
clearly illustrated by the difference in the reaction ability of a chlorine at a phos- 
phorus in 1 with respect to OH- and SH- groups. Phosphoranes 1 and alcohols 
interact at a temperature below - 5OoC,l but it is observed that the substitution of 
a chlorine at phosphorus in 1 with a thioalkyl group begins at a temperature above 
- 7°C and becomes essential at a temperature about + 2°C. According to Reference 
8 the “carbon basicity” of a thiol anion is lo4 times as much as the same of a 
corresponding oxide anion. 

It is necessary to note that the chlorine in model compounds 

demonstrates high inertness in substitution reactions. O-(Methylchloroformoim- 
ino)-O-alkylmethylphosphonates do not react with alcohols and the reaction pro- 
ceeds with splitting off of the methylchloroformoiminoyl group when alcoholate is 
used. The unreactivity of a chlorine in the similar structure 9 was reported.’ On 
the other hand the substitution of the vinylic fluorine during decomposition of the 
phosphorane 10 occurs and the authors report that the -P(O)(OCH,), group 
activates the vinylic halogen.1° 

In our case the absence of the interaction of O-(methylchloroformoim- 
ino)chloromethylphosphonate and P-chloroethanethiol rule out the possibility of 
the activating influence of the phosphoryl group [Equation (9)]. Ethanethiol, from 
which a greater activity was to be expected, also did not react with O-(methylch- 
1oroformoimino)chloromethylphosphonate [Equation (9)]: 
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158 YU. E. LYASHENKO and V. B. SOKOLOV 

It is known that substituents with a strong electronegative effect promote a 
nucleophilic substitution at a sp2 hybridized carbon in olefinic and aromatic com- 
pounds. Evidently in the reaction according to Equation (7)  a chlorophosphonium 

cation C l p  'which is a strong acceptor5 promotes a nucleophilic substitution at 

a sp2 hybridized carbon in 1 and then a phosphoryl group P-0 is formed. 
Probably the extreme facile formation of the phosphoryl group -0 from 1 and 

a carboxyl group' makes impossible a substitution in methylchlorofotmoimino group 
in the reaction [Equation (lo)] with mercaptoacetic acid: 

\ 

0 
1 + HSCH$OOH __* C€$<cl- ON-C<% c1 

R,R'= % 

Supposing the cause of the formoiminogroup decomposition in the reaction with 
thiols [Equation (2)] is the difficulty of breaking off of S-Caliphatic bond we used 
thioacetic acid for P=S bond formation and obtained 0-(alkylchloroformoim- 
ino)chloromethylthionophosphonates 2 with increased yields (Tables I and 11). 
When R'  = CH, the product 11 was obtained when 2 moles of thioacetic acid were 
added: 

0-( Alkylchloroformoimino)chloromethylthionophosphonates 2 obtained ac- 
cording to Equations (2) and (1 1) can be converted to 0-(alkylch1oroformoimino)- 
0-alkylmethylthionophosphonates 12 by the typical reactions [Equation (12)]: 

R' R' 
C1 + RnOH - RO-/ Py 2 ON=& 

c1 (12) 
cH3p<ORn 

Also reactions of hydrogen sulfide and thioacetic acid with 0-(alkylchlorofor- 
moimino)trichlorophenylphosphoranes were studied. As a rule in this case the 
reactions become complicated by the side reactions of 0-(alkylchloroformoim- 
ino)trichlorophenyIphosphoranesl which result in the formation of a mixture of 
products. 
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0-(ALKYLCHLOROFORMOIMINO)PHOSPHONATES 159 

EXPERIMENTAL 

'H-NMR and 31P-NMR (Reference 85% H,PO, ext, negative chemical shifts are upfield of the standard) 
spectra were recorded on a Bruker CXP-200 spectrometer, IR spectra were recorded on a Specord IR- 
75 spectrometer. Phosphoranes' and P-chloroethanethiol" were prepared according to the literature. 
Experiments were conducted with careful exclusion of moisture. 

Interaction of O-(alkylchloroformoimino)trichloromethylphosphoranes with hydrogen sulfide (2), Gen- 
eral Procedure: A solution of O-(alkylchloroformoimino)trichloromethylphosphorane (50 mmol) in 
toluene (50 ml) was stirred at 0- + 10°C while H,S (60 mmol) was added. Toluene was removed under 
vacuum. The residue was fractionated and the corresponding 0-(alkylchloroformoim- 
ino)chloromethylthionophosphonate 2 was obtained (Tables I and 11). 

Interaction of O-(methylchloroformoimino)trichloromethylphosphorane with ethanethiol (3): A solu- 
tion of O-(methylchloroformoimino)trichloromethylphosphorane (81 mmol) in toluene (170 ml) was 
stirred at -5-+5"C while ethanethiol (15.3 g, 240 mmol) was added. The mixture was allowed to 
warm to room temperature and then was kept at 80°C during 0.5 hour. Toluene was removed under 
vacuum and the residue was distilled to give S,S-diethylmethyldithiophosphonate (4.7 g, 25 mmol, 31%) 
with b.p. 100-103"C/3 mm Hg, ~" 1.5816. 3'P-NMR 77.7 ppm. 'H-NMR spectrum, 6: 1.4t 6H 58; 
2.22d 3H 5 14; 2.92111 4H 58. Also ethyl disulphide was obtained, b.p. 150"C/760 mm Hg, nzo 1.500, 
'H-NMR, 6: 1.3t 3H 57.5; 2.65111 2H J7.5. A similar result was obtained with C3H,SH. 

Inferaction of O-(methylchloroformoimino)trichloromethylphosphorane with ethanethiol and sulphur 
dioxide (5): A solution of 0-methylchloroformoimino)trichloromethylphosphorane (44 mmol) in tol- 
uene (80 ml) was stirred at -2.5- + 1.5"C while ethanethiol (2.7 g, 43 mmol) was added. The mixture 
was stirred at 0°C for 10 minutes and at - 20°C for 20 minutes and then SO, (6.2 g, 97 mmol) at - 20- 
- 30°C was added. The mixture was stirred at - 10- - 15°C for 30 minutes and then allowed to warm 
to room temperature. Toluene was removed under vacuum and the residue was fractionated. The 
fraction with b.p. 80-97"C/3 mm Hg contained 0.7 g (4 mmol, 9%) of S,S-diethylmethyldithiophos- 
phonate (31P-NMR: 78 ppm) and 2.2 g (12 mmol ,  26%) of 0-(methylchloroformoim- 
ino)chloromethylphosphonate (31P-NMR: 42.6 ppm) (identified in comparison with an authentic sample). 
The fraction with b.p. 102-112"C/3 mm Hg contained 0.2 g (1 mmol, 2%) of S-ethyl-0-(methylchlo- 
roformoimino)methylphosphonate 5 (31P-NMR: 61.9 ppm, identified in comparison with an authentic 
sample). The fraction with b.p. 12O-14O0C/3 mm Hg solidified when kept in the cold and was identified 
as bis(0-methylch1oroformoimino)methylphosphonate 4(1.2 g, 5 mmol, 11%). 31P-NMR: 38.5 ppm. 
'H-NMR, 6: 1.84d 3H 517; 2.4s 6H. IR-spectrum, v, cm-': 1590 (C==N). 

Preparation (6) of bis(0-methylch1oroformoimino)methylphosphonate 4: The mixture of 0-(meth- 
ylch1oroformoimino)chloromethylphosphonate (4.3 g, 23 mmol) and 0-(trimethylsily1)- 
methylchloroformooxime (3.5 g, 21 mmol) in toluene (15 ml) was heated at 140°C for 16 hours in a 
closed vessel. Volatile products were removed under vacuum and the residue was distilled to give bis(0- 
methy1chloroformoimino)methylphosphonate 4 (4.2 g, 17 mmol, 76%) with b.p. 113"C/0.05 mm Hg, 
m.p. 68°C. 31P-NMR: 38.5 ppm. 'H-NMR, 6:  1.84d 3H 517; 2.4s 6H. IR-spectrum, v, cm-': 1590 
(C=N). Anal.: Calcd. for C,H,CI,N,O,P: C 24.31; H 3.67; N 11.34. Found: C 24.42; H 3.80; N 11.15. 

Interaction of O-(methylchloroformoimino)trichloromethylphosphorane with 2-mercaptoethanol(7) : A 
solution of O-(methylchloroformoimino)trichloromethylphosphorane (85 mmol) in ether (325 ml) was 
stirred at -35°C while a solution of 2-mercaptoethanol (7.0 g, 90 mmol) in ether (75 ml) was added. 
The mixture was allowed to warm to room temperature until the slurry disappeared. Ether was removed 
and the residue distilled to give 5.0 g (20 mmol, 24%) of 0-[methyl-S-(P-chloroeth- 
yl)formoimino]chloromethylphosphonate 6 with b.p. 76"C/0.02 mm Hg, n:" 1.5085. 31P-NMR: 43.1 
ppm. 'H-NMR, 6:  2.ld 3H 516; 2.47s 3H; 3.03t 2H 58; 3.76t 2H 58. Anal.: Calcd. for C,H,,Cl,NO,PS: 
C 24.01; H 4.03; N 5.6. Found: C 23.51; H 3.82; N 5.15. 

Preparation (8) of N, N-diethylamido-O-[methyl-S-(~-chloroethyl)formoimino]methylphosphonate 8: To 
a solution of O-[methyl-S-(~-chloroethyl)formoimino]chloromethylphosphonate 6 (2.1 g, 8 mmol) in 
benzene (20 ml) a solution of diethyl amine (1.3 g, 18 mmol) in benzene (5 ml) was added. The reaction 
mixture was heated 0.5 hour at 100"C, cooled and filtrated. On distillation N,N-diethylamido-0-[methyl- 
S-(P-chloroethyl)formoimino]methylphosphonate 8 (0.35 g, 1 mmol, 15%) with b.p. 105- 107"C/0.02 
mm Hg, n;" 1.4893 was obtained. 3'P-NMR: 35.9 ppm. 'H-NMR, 6:  1 . l l t  6H 58; 1.5d 3H J16; 2.36s 
3H; 3.06111 6H; 3.75t 2H 58. Anal.: Calcd. for C,H,,CIN,O,PS: C 37.70; H 7.03; N 9.77. Found: C 
37.20; H 7.08; N 10.04. 
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160 YU. E. LYASHENKO and V. B. SOKOLOV 

Interaction of 0-(methylch1oroformoimino)trichloromethylpne with mercaptoacetic acid (10): A 
solution of O-(methylchloroformoimino)trichloromethylphosphorane (85 mmol) in ether (250 ml) was 
stirred at - 35°C while mercaptoacetic acid (8.3 g, 90 mmol) was added. The mixture was allowed to 
warm to room temperature and ether was removed. The residue was distilled to give 0-(methylchlo- 
roformoimino)chloromethylphosphonate (2.5 g, 13 mmol, 15%). 3'P-NMR: 43.0 ppm. 'H-NMR, 6: 
2.11d 3H 518; 2.46 s 3H. 

Interaction of O-(alkylchloroformoimino)trichloromethylphosphoranes with thioacetic acid (11): 

Interaction resulting in O-(alkylchloroformoimino)chloromethylthionophosphonate 2 formation, general 
procedure. A solution of O-(alkylchloro~ormoimino)trichloromethylphosphorane (50 mmol) in tol- 
uene (35 ml) was stirred at -30°C while thioacetic acid (3.8 g, 50 mmol) was added. The mixture was 
allowed to warm to room temperature and toluene was removed under vacuum. Distillation of the 
residue gave the corresponding O-(alkylchloroformoimino)chloromethylthionophosphonate 2 (Tables 
I and 11). 

Interaction resulting in O-(methyl-S-acetylformoimino)chloromethylthionophosphonate 11 forma- 
tion. A solution of O-(methylchloroformoimino)trichloromethylphosphorane (50 mmol) in toluene 
(75 ml) was stirred at -30°C while a solution of thioacetic acid (7.6 g, 100 mmol) in toluene (6 ml) 
was added. The mixture was allowed to warm to room temperature and toluene was removed under 
vacuum. Distillation of the residue gave 0-(methyl-S-acety1formoimino)chloromethylthio- 
nophosphonate 11 (3.9 g, 16 mmol, 32%) with b.p. 45W0.02 mm Hg, do 1.5398. 31P-NMR: 97.2 ppm. 
IH-NMR, 6: 2.39d 3H 515; 2.46s 3H; 2.49s 3H. IR spectrum, v, cm-I: 780 (P=S); 1600 (C==N); 1720 
(-0). Anal.: Calcd. for C,H,ClNO,PS,: C 24.44; H 3.69; N 5.70. Found: C 23.95; H 4.10; N 5.80. 

Preparation (12) of O-amyl-O-(ethylchloroformoimino)methylthionophosphonate 12: To a solution of 
O-(ethylchloroformoimino)chloromethylthionophosphonate 2 (4.1 g, 19 mmol) in toluene (25 ml) a 
solution of potassium amylate (2.3 g, 18 mmol) in amyl alcohol (5.2 g, 59 mmol) was added under 
cooling. The mixture was boiled 1.5 hour at 100°C and then allowed to cool. After washing with water 
(3 x 20 ml) and drying with magnesium sulphate the solvent was removed under vacuum. The residue 
was distilled to give 1.1 g (4 mmol, 21%) of O-amyl-O-(ethylchloroformoimino)methylthionophos- 
phonate 12 with b.p. 97"C/0.05 mm Hg, n:'' 1.4854. "P-NMR: 99.2 ppm. 'H-NMR, 6: 0.94t 3H; 1.3t 
3H 58; 1.37111 4H; 1.66m 2H; 1.91d 3H 515; 2.64111 2H 58; 4.07m 2H. Anal.: Calcd. for C,H,,CINO,PS: 
C 39.78; H 7.05; N 5.15. Found: C 40.15; H 6.87; N 4.65. 

Preparation (12) of O-erhyl-O-(ethylchloroformoimino)methylthionophosphonate 12: To a solution of 
O-(ethylchloroformoimino)chloromethylthinophosphonate 2 (5.0 g, 23 mmol) in toluene (30 ml) a 
mixture of ethanol (2.4 g, 52 mmol) and pyridine (4 g, 50 mmol) was added. The reaction mixture was 
boiled 6 hour at 100°C and then allowed to cool. After washing with water (3 x 15 ml) and drying 
with magnesium sulphate the solvent was removed under vacuum. The residue was distilled to give 1.0 
g (4.5 mmol, 19%) of O-ethyl-O-(ethylchloroformoimino)methylthionophosphonate 12 with b.p. 81"CI 
3 mm Hg, nio 1.4973. 31P-NMR: 99.1 ppm. 'H-NMR, 6: 1.3t 3H 56; 1.33t 3H 56; 1.9d 3H 516; 2.64111 
2H 58; 4.17111 2H. Anal.: Calcd. for C,H,,CINO,PS: C 31.38; H 5.70; N 6.10. Found: C 31.75; H 5.72; 
N 6.45. 
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